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'Jlirougliout  (.lie  suinuiiM'  the  pr-in(:i{)al  invest  i p;itor  :i!Hi  Or.  Marj'iu.rile  S. 
Swnin  con1in\ied  to'work  on  the  proje^ct,  althonpli  Mr.  Henry  P,rynfi/,a  was  away 
during  J\ine,  July  and  A\igust. 

As  noted  in  previous  reijorts,  the  major  problem  has  been  thal  of  d(M  i'iing 
between  possible  choices  for  the  six  subsidiary  eonditioi.s  tiial  arc  needed,  in 
addition  to  ttio  linear  model  and  least  square's,  to  cie: <,r nn tie  t’.e  deriv'."’  solver.: 
and  i-eaction  constants.  To  be  physic.ally  significant,  tire  tv.o  ’.■-"•.r--;,  ;-j  i-.  . -c 
for  each  reaction,  which  represent  its  .semsit ivity  to  solver.:  aeic.ity  ;-.rid  .iwlver.: 
basicity  respectively,  must  be  zero  or  greater  (never  tiC,;.;-' ive).  li.e  der  iveo 
order  of  solvent  acidities  must  be  CFjCOOH > C 11> ( OOII  > HjO,  .'Cid  the  derived 
order  of  solvent  basicities  must  be  HjO  > CH3COOH  > CF3  ( t K hi.  f.lany  initially 
attractive  choices  fail  to  satisfy  these  criteria  and  accordingly  have  now  been 
rejected. 

Tire  clioices  excluded  in  this  way  include  many  that  were  frirnncrly  advocated 
by  us  and  by  others  in  the  literature.  Each  of  them  can  be  characterized  or 
summarized  by  a pair  of  crntical  conditions,  since  the  other  four  conditions 
associated  with  each  choice  are  invariably  concerned  only  with  the  arbitrary  and 
physically  uniinportant  specification  of  reference  solvents  (for  which  one  or  both 
of  the  solvent  constants  is  zero)  and  standard  solvents  or  reactions  (for  which 
one  or  both  of  the  constants  is  unity).  Listed  below  arc  six  typical  untenable 
pairs  of  critical  conditions,  each  with  a derived  order  that  violates  one  of  the 
criteria  in  tlie  paragraph  above,  and  three  more  acceptable  ones.  Subscripts 
refer  to  the  solvents  (J ) and  reactions  (1)  in  Tables  I and  II. 


Ai/Bi  - SAz/Bz  and  Az/B,  = 3A3/B3  (102) 

gave  very  negative  B7 

B]  = 0 and  A3  = 0.  (S3 ) 

gave  very  negative  B; 

Bfc  = B9  and  A3  = 0.  (87  ) 

gave  very  negative  B? 

^<>3CC1  = ^2 

geive  negative  A; 


r 
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Y,3  ^ Yj  and  1’^  = 0,  (101) 

gave  possible  values 

Y,  = Yio  and  13,  = 0.  (103) 

I gave  possible  values 

We  have  processed  more  than  7 5 different  choices  with  our  ItOX'E  (dual 
obligate  vector  evahiation)  c:omputer  program  to  obtain  corr espomiing  sets  of 
solvi-nt  and  reaction  constants,  b\jt  have  imw  excluded,  and  biave  not  even 
included  in  the  above  list,  any  that  involve  either  orthogonality  (-XY  = 0.)  or 
zero  covariance  between  solvent  acidity  (X)  and  solvent  basicity  (Y)  for  all 
the  solvents  considered,  because,  as  we  recently  discovered  and  demonstrated 
in  our  last  (eighth)  status  report,  such  statistical  statements  are  generally 
invalid.  However,  we  can  now  additionally  exclude  many  others  including  the 
first  six  in  the  above  list.  The  first  of  them  (conditions  lOZ),  used  by  us'  in  our 
fir.st  dual  factor  analysis  (with  R.  B.  Mosely  and  D,  E.  Bown,  J.  Amer.  Chem. 

Soc.,  77,  373  1 (1955)), can  be  excluded  because  Uimroth's  E'p  series  (not 
measiired  or  available  when  our  earlier  analysis  was  done)  acquires  a negative 
A reaction  constant  (for  sensitivity  to  solvent  acidity)  under  these  conditions. 

The  last  of  them  (103)  gives  results  rather  close  to  the  preceding  one  (101),  was 
used  by  Schleyer  in  recent  analyses  (J.  W.  Bentley.  F.  L.  Schadt  and  P.  v.  R. 
Schlcyer,  J.  Amer.  Chem.  Soc.,  9J,  991  (1972)), cannot  be  excluded  by  the 
criteria  given  in  the  second  paragraph,  and  is  probably  only  slightly  in  error, 
but  we  now  believe  that  it  is  not  sufficiently  accurate  to  be  acceptable  for  the 
following  reasons:  (1)  since  formic  acid  is  considerably  sti  ongcr  than  acetic  acid, 
it  is  statistically  unlikely  that  their  basicities  are  exactly  equal;  (2)  experiniental 
results  indicate  that  their  basicities  are  significantly  unequal,  with  the  basicity 
of  formic  acid  somewhat  higher  than  that  of  acetic  acid  (P.  E.  Peterson  and 
F.  J,  Waller,  ibid.,  9_4,  991  (1972));  (3)  assumed  equality  leads  to  the  conclusion 
that  an  ether  ( 1 , 2 -dimethoxyethane)  is  a stronger  base  than  water,  which  seems 
unlikely. 

Whether  this  last  conclusion  is  unliV.ely  or  not  depends,  of  course,  oti  the 
relative  iniportance  of  two  influences,  one  of  which  could  increase  the  basicity 
of  water  relative  to  ethers,  and  the  other  of  which  could  reduce  it.  The  first 
(prnbablv  more  important)  is  hydrogen  bonding,  which  would  probably  increase 
the  basicity  of  water  or  alcohols  by  making  them  slightly  resemble  hydroxide  or 
alkoxidc  ions.  The  second  is  the  electi'on-supplying  inductive  effect  of  alkyl 
groups  relative  to  hydrogen,  which  might  maV.e  tlte  etlicr  a slightly  stronger  brise, 
bvit  which  we  would  not  expect  to  be  sigtufieant  hei’e  beca\ise  in  a previous  aTualvsis 
of  substituent  effects  (C.  G.  Swain  and  F.  C.  Luj)ton,  dr.,  ibid.,  9j0,  -1328  (legM)), 
reinf(3reed  by  more  recent  unpublished  work,  we  found  the  electronic  effect  of 
alkyl  groups  to  be  negligible  except  in  situations  where  they  can  supply  electron.s 
by  r'  sonance  (not  tr  ue  in  etljcrs). 

In  any  ease,  it  appear'efl  to  vis  that  the  most  practical  way  to  settle  this  issue 
would,  be  to  allow  for  eitber  result  but  use  ^2.  data  to  settle  the  point.  The  vbff.  i vnee 
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in  st'/lvont  basicity  Ijctv.een  JJOII  and  (’HjOJI  should  be  tlio  sanic  as  the 
(Jifference  between  CH3OII  and  (J1130C1I3,  r-egai’dless  of  whii!,  influence  is 
dominant,  bec  ause  tlic  nuii.ber  of  liydiajgen  bonds  decreases  steadily  ^2,  1,0) 
and  the  number  of  alky]  substitutions  increases  steadily  (0,  1,  2)  over  tliis 
range  of  structure.  There  are  no  suitable  data  for  CH3OCH3  (because  it  is 
a liquid  only  above  atmospheric  pressure),  but  (CH3OCH2 3 is  a reasonable 
approximation,  having  two  ’ aasonably  independent  and  non-inter  acting 
functions  of  the  same  t^qre  in  a molecular  unit  of  apjrroximalely  twice  the 
molecular  weight.  Therefore  we  assumed  conditions  lOd, 


Y1-Y2  = Y2-Yi3  and  ~ 0. 


• (10-5) 


Tire  results  are  presented  in  'i'ables  I and  II.  From  the  fact  that  Y values 

for  methanol  and  1,  2-dimethoxyethane  are  calculated  to  be  less  llran  for 

water 

, we  conclude  that  the 

dominant  influence  is 

indeed  hydrogen  bonding. 

as  we 

expected,  rather  than  the  inductive  effect  of  alkyl  groups. 

Table 

I.  Solvent  Constants 

from  52  Data  and  Conditions  104. 

Solvent  acidity 

Solvent  basicity 

_J 

Solvent 

X 

Y % 

1 

H2O 

(1.  000)^ 

(I.  000)^ 

2 

CH3OH 

0.  765 

(0.  8891 

3 

97%  CH3OH 

1.  047 

0,  83  8 

4 

C2II5OH 

0.  651 

0.  881 

5 

80%  CiH^OH 

0.  706 

0.  9^2 

6 

60%  C2H5OH 

1.  453 

0.  806 

7 

80%  CH3COCH3 

0.  107 

1,  033 

8 

7 0%  CH3COCH3 

(0.  000) 

1.  087 

9 

CH3C02I1 

2.  648 

0.  441 

10 

HCO2H 

2.  739 

0.  57  3 

11 

CF3CO2II 

5.  456 

(0.  000)^ 

13 

CHiOCHzCIJzOCn^ 

0.  226 

(0.777)^ 

Unity  chosen  for  water  for 

■ both  X and  Y to  give 

units  and  values  convenient 

sizes. 

Alacle  zero  (this  solvent  reference  for  X 

values)  because  this  solvent 

lias  til 

e lowest  X of  the  12  solvents  listed.  lUndc 

? zero  (this  solvent  reference 

fpr  Y values)  because  this  solvent  has  the  lowest 
IMadc  Yj-Yz  - Y2-Y13  (fifth  one  of  conditions  10^1 


Y of  the  12  solvents  listed. 
I)  for  reasons  given  in  text. 


1 'I'ablo  11.  Reaction  Const:: 

Hits  from  52 

Data  :md  C 

ondil  ions 

104 

Reaction 

a 

n 

A_ 

B 

1 

(C,1I3)3CF  + UV'r  ^ 

6 

7.41 

25.  79 

23,  9 • 

0.  9998 

' 2 

(CH3)3CC1  + 

10 

5.  86 

26.  85 

29.3 

0.  97  89 

3 

CHjOTs  + HjO'"" 

0.  75 

8.  26 

(50.  0) 

0.  9988 

4. 

Adamantyl  OTs  J 

1,0  7 

5.  52 

23.  07 

27.  4 

0.  9950 

5 

(CFl3)3CIIOTs  + 6 

3.  50 

17.  05 

30.  6 

0,  9836 

6 

Pyridinium  iodide 

Z 8 

19.  32 

85.  68 

2 8.  6 

0.  9662 

7 

Diniroth  E'p 

5 

32.  14 

(0.  00) 

0.  0 

1.  0000^ 

CO 

Pyridine  oxide  Z 

3 

5.  42 

22.  65 

27.  4 

Over-all: 

52 

• 

0.  9861 

s b 

Number  of  data.  Relative  importance  of  B relative  to  reaction  3,  defined 
as  1001  Bj I /(RIAxI  + I Bil),  where  R=I  B3I  / ] A3!,  ^ Correlation  coefficients, 

corrected  for  sample  size  (degrees  of  freedom)  and  magnitudes  of  numbers 
(status  report  4).  Alade  zero  (sixth  one  of  conditions  104)  because  this 
reaction  has  the  lo^vest  B of  the  8 reactions  listed.  To  two  more  figures, 
this  is  0,  9999V 4.  Not  calculable  because  based  on  onlj-  3 data. 


Although  a few'  X values  are  somewhat  surprising,  (e.  g. , the  lowest  value 
for  7 07o  acetone  and  a slightly  higher  value  for  the  supposedly  anhydrous  ether), 
we  consider  the  results  in  these  tables  now  acceptabl  , and  a suitable  basis 
for  analysis  of  a wider  range  of  solvents  and  reactions,  which  we  now'  propose 
to  undertake,  using  otlier  data  accumulated  by  Dr.  A.  L.  Powell  and  ourselves. 
This  can  be  done  in  two  w'ays,  w'hich  w'e  propose  to  cxylore  successively.  First, 
w'e  will  apply  ordinary  multiple  least  squares  to  determine  X and  Y values  for 
other  solvents  and  A and  B values  for  other  reactions,  witliout  changing  the  24 
solv'ent  constants  and  16  reaction  constants  already  assigned.  Second,  w'C  w'ill 
pool  all  of  the  seemingly  reliable  data  to  reassess  all  of  the  constants  in  one 
DOVE  analysis.  Finally,  w'C  hope  to  translate  the  results  into  individual  ionic 
activity  coefficients  for  many  organic  and  inorganic  ions  in  these  solvents  and 
solvent  mixtures. 


